INTRODUCTION
Several pharmacological as well as experimental studies have suggested that consumption of foods rich in antioxidant is significantly associated with reduced risk of various disorders and human diseases, including diabetes. 1 Some of the food types such as fruits, vegetables and sprouts and herbal drugs have been found to be very rich in bioactive compounds such as polyphenols, vitamins C and E, β-carotene etc, which posses potential antioxidant activity. Therefore, in recent times the regular consumption of sprout or germinated seeds, fruits and vegetables, is highly recommended as they are considered to provide long term health benefits.
parts has been reported to possess pharmacological and folkloric significance. Its leaves have been found to exhibit potential antioxidant property, antibacterial activity and anti-diabetic. The in vivo hypoglycemic activity of fenugreek seeds has been reported in various animal model systems. In addition, it is suggested that the fenugreek seeds possess potential hypocholesterolemic effect, antioxidant property and also can be very much effective in the treatment and/ or prevention of diabetes. 7 
Calcium (Ca

2+
) has emerged as an important key secondary messenger and signal transducer which have been reported to be involved in various physiological processes. It has been considered to be significantly involved in linking stress perception and regulation of adaptive cellular responses. 8 In the cited literature Ca 2+ has also exhibited protective response against stress by regulating mitigation of oxidative damages and stabilization of membranes.
9
Sprouting has been considered as the effective means by which the nutritional quality of the seeds is enhanced. During germination process mobilisation of complex macromolecules such as stored carbohydrates and protein reserve takes place. 10 In several legumes sprouting is found to improve the soluble protein and fibre content and reduce the phytic, tannic acid and trypsin inhibitors, consequently enhancing their nutraceutical quality.
11
The present work has been designed considering the fact that till date no work has been performed on the effect of the elicitors of calcium signalling on the antioxidant as well as antidiabetic property of fenugreek sprouts. Therefore the aim of the present study was to evaluate the antioxidant as well as antidiabetic activity of the fenugreek under the influence of Calcium chloride, EGTA a calcium chelator and lanthanum chloride a calcium channel blocker, during post germination phase.
MATERIALS AND METHODS
Chemicals
Sodium hypochlorite, calcium chloride, EGTA [Ethylene glycol-bis (2-aminoethylether)-N,N,N´,N, tetra acetic acid], LaCl3 (lanthanum chloride), Methanol, 2,2-diphenyl-1-picryl hydrazyl (DPPH), potassium persulphate, 2,2-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), sulfanilamide, glacial acetic acid, napthyl ethylenediamine dihydrochloride (NED), potassium ferricyanide, thiobarbituric acid (TBA), trichloroacetic acid (TCA), ferrous sulphate, potassium hydroxide (KOH), potassium dihydrogen orthophosphate (KH 2 PO 4 ), ferric chloride (FeCl 3 ), ferrous chloride (FeCl 2 ), ferrozine, sodium nitroprusside, β-carotene, chloroform, linoleic acid, gallic acid, quercetin, folin-ciocalteau reagent, sodium carbonate (Na 2 CO 3 ), sodium nitrite (NaNO 2 ), aluminium chloride (AlCl 3 ), sodium hydroxide (NaOH), ether, ethanol, alphaamylase, starch, DNSA, Rochelle salt, alpha-glucosidase, p-nitrophenyl-α-D-glucopyranoside. All these chemicals were either purchased from Himedia, India or of Merck, Germany made.
MATERIALS AND TREATMENT
The fenugreek seeds were sterilized with 0.1% sodium hypochlorite solution. The sterilized seeds were treated with the solutions of calcium chloride, EGTA a calcium chelator 
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and lanthanum chloride a calcium channel blocker, and kept in rotary shaker for 24 h. For control set, seeds were primed with normal water and kept in rotary shaker along with the treated seeds. After treatment, the seeds were washed thrice with sterile water and kept in the seed germinator for 72 h.
Preparation of extract
The germinated seedlings of fenugreek of 3 different stages: 24 h, 48 h & 72 h were crushed in mortar-pestle and processed through soxhlet extraction apparatus with methanol. The refluxed samples were separated from the residues by filtering through Whattman No. 1 filter paper and the extract was concentrated to a definite concentration of 1 g/ml using a vacuum rotary evaporator. The obtained methanolic extracts were stored in brown bottles and kept in refrigerator for further experimental analysis.
Animal material
Goat liver, used for anti-lipid peroxidation assay, was collected from slaughter house immediately after slay and the experiment was conducted within an hour after collection.
DPPH based free radical scavenging activity (DPPH)
The DPPH free radical scavenging activity of the sprout extracts were determined following the method. 12 The reaction mixture contained 1.8 ml of 0.1 mM DPPH and 0.2 ml of methanolic extracts. The absorbance of the reaction mixture was measured at 517 nm after an incubation of 30 min. A reaction mixture without test sample was considered as control.
ABTS + radical cation(s) decolorization assay
The spectrophotometric analysis of ABTS + radical cation(s) scavenging activity was measured according to Re et al. 13 method. 1 ml of ABTS + solution was reacted with 0.5 ml of methanolic extract. After 30 min of incubation at room temperature the absorbance was recorded at 734 nm. Solvent blanks were run in each assay.
Reducing antioxidant power (FRAP) Assay
The reducing antioxidant power of the sprout extracts was estimated by the standard method.
14 The extracts were mixed with 0.2 M of phosphate buffer (2.5 ml, pH 6.6) and 2.5 ml of 1% potassium ferricyanide. The reaction mixture was kept safely for incubation at 50 o C for 20 min. After incubation, 2.5 ml of 10% trichloroacetic acid was added to reaction mixture and centrifuged at 3000 rpm. The supernatant (1 ml) was taken and diluted with distilled water (1 ml) and 0.2 ml of FeCl 3 (0.1%) added to it. The increase in OD value was recorded at 700 nm against a blank.
Metal chelating activity (MC)
The chelating capacity of the extracts for ferrous ions was evaluated according to the method of Dinis et al., 15 with some modifications. The 400 μl of sprout extract was diluted with 1600 μl of methanol and was reacted with 40 μl of ferrous chloride (2 mM). After duration of 30s, 0.8 ml of ferrozine solution (5 mM) was added. After 15 min of incubation, the change absorbance was recorded at 562 nm.
Nitric oxide scavenging activity (NOS)
The spectrophotometric analysis of nitric oxide scavenging activity was measured by the Greiss reaction.
16 320 μL of methanolic extract was reacted with 360 μL sodium nitroprusside-PBS solution (5 mM), 216 μL of Greiss reagent (1% sulphanilamide, 2% H 3 PO 4 and 0.1% napthyl ethylenediamine dihydrochloride) and incubated at for one hour at 25 o C. Finally 2 ml distilled water was added and absorbance was taken at 546 nm.
Anti-lipid peroxidation (ALP) assay
The anti-lipid peroxidation activity of the sprout extracts of different developmental stages was estimated by the standard method 17 followed by some modification. 0.1 ml sample extract was added to a mixture of 2.8 ml of 10% goat liver homogenate and 0.1 ml of 50 mM FeSO 4 . The reaction mixture was kept for incubation for 30 min at 37 o C. After that 2 ml of 10% TCA-0.67% TBA in 50% acetic acid was added to 1 ml of reaction mixture for terminating the reaction. Mixture was kept in water bath for 1 hour and centrifuged at 10,000 rpm for 5 minutes. The absorbance of supernatant was read at 535 nm.
ALP % was calculated using the following formula:
β-Carotene-linoleate bleaching (BCB) assay
The antioxidant activity was estimated based on the β-carotene bleaching protective capacity developed by Velioglu et al. 18 β-Carotene (0.2 mg in 1 ml chloroform), linoleic acid (0.02 ml) and Tween 20 (0.2 ml) were mixed in a round bottomed flask. Then chloroform was totally evaporated at reduced pressure using a rotary evaporator. After evaporation, 50 ml of distilled water was added to the dried residue, and then shaken vigorously to form an emulsion for further use. 0.2 ml of methanolic extract was reacted with 2 ml of emulsion into test tubes and placed in a water bath at 50°C. The absorbance was recorded at 30 min intervals for 2 h at 470 nm.
Degradation rate (DR) was calculated according to first order kinetics, based on equation:
Ln a/b x 1/t = DR sample or DR standard
where ln is natural log, a is the initial absorbance (470 nm) at time 0, b is the absorbance (470 nm) at 30, 60, 90 or 120 min and t is the initial absorbance (470 nm) at time 0.
Antioxidant activity (AA) was expressed as percent of inhibition relative to the control, using the following formula:
Total phenolic content (TPC)
Total phenolic contents of methanolic extracts were measured according to the standard protocol. 19 1 ml of the methanolic extract was reacted with a mixture containing 1 ml of 95% ethanol solution, 5 ml of distilled water and 500 μl of folin-ciocalteau reagent (50%). After incubation period of 5 min, 1 ml of 5% Na 2 CO 3 was added. It was mixed thoroughly on a vortex shaker and further kept for 1h of incubation at room temperature. Finally the absorbance of coloured reaction mixture was recorded at 765 nm against the reagent blank. The total phenolic content was measured as mg of Gallic acid equivalent per gram fresh weight.
Total flavonoid content (TFC)
The total flavonoid content was measured by performing a standard spectrophotometric method. 20 1 ml of sprout extract was diluted with 4 ml distilled water in a volumetric flask. Initially, 300 μl NaNO 2 solution (5%) was added to each volumetric flask and after 5 min, 0.3 ml AlCl 3 (10%) was also added. After 6 min of incubation, 2 ml NaOH (1 M) was added to the mixture. Absorbance of the reaction mixture was measured at 510 nm after adding 2.4 ml of distilled water. The flavonoid content in different extracts was estimated as quercetin equivalent (QE) per gm fresh weight.
Total carotene content (TCC)
Total carotene contents (TCC) were determined according to the standard protocol. 21 Firstly, the methanolic sample was dried and converted to aqueous extract which was further partitioned thrice with equal volume of peroxide free ether using a separating funnel. The ether layer was collected and evaporated and then after reconstituted with ethanol. To the ethanolic extract 0.1 ml of 60% aqueous KOH was added and heated for 5 min with test tubes covered with marbles. The mixture was kept in dark for overnight. Next day again the mixture was partitioned with ether, the ether layer was evaporated and reconstituted with ethanol and the absorbance of the ethanolic mixture was recorded at 450 nm. The carotene content was calculated using a calibration curve prepared against pure β-carotene. 
In vitro α-amylase inhibitory activity
The alpha-amylase inhibition potential of the extract was estimated by standard spectrophotometric method. 22 0.5 ml of aqueous extract was reacted with 0.5 ml of α-amylase solution and incubated at 37°C for 5 min. After incubation, 0.5 ml starch solution (1%) was added and was further incubated for 10 min. To the above reaction mixture, 1 ml of DNSA reagent was added to terminate the reaction and was heated for 10 min in a hot water bath till the colour of reaction mixture colour changed to orange-red. After change in colour, the reaction mixture was cooled and diluted up to 5 ml with distilled water. The OD value was measured at 540 nm. The α-Amylase inhibitory activity was estimated by measuring the concentration of inhibitor required to inhibit 50% of the enzyme activity.
In vitro α-glucosidase inhibitory activity
The alpha-glucosidase inhibitory property of the sample extract was assayed as suggested by Jung et al., 23 (2006) with slight modification. The different concentrations of extract were prepared by adding 0.2 mM phosphate buffer (pH 6.8). After that 0.1 ml of enzyme solution was added and kept for incubation at 37°C. Then, 0.25 ml pNPG (3 mM) was added and the reaction was terminated by the adding 4 ml of Na 2 CO 3 (0.1 M). The α-Glucosidase inhibition activity was estimated by determining the kinetics of release of pNPG at 405 nm. The control contained all the reagents without the sample extract. The α-glucosidase inhibitory activity was estimated by following equation:
where As, Ab and Ac represent the OD value of the sample, blank and control reaction mixture respectively.
RESULTS AND DISCUSSION
Antioxidant activity
The assessment of antioxidant activity of plant extract is very much important for determining its nutritional value. 24 The mode of action of antioxidant compounds responsible for defence mechanisms in different stages of plant, depends on plant's growth and development. 25 The antioxidant property of the sprout extracts was evaluated in terms of their free radicals such as DPPH, ABTS, and nitric oxide quenching potential, ferric reducing power, metal chelation, lipid peroxidation and β-carotene protective activity. To evaluate the effect of Ca 2+ on the antioxidant property of the fenugreek seeds, the seeds were primed with calcium chloride solution as an exogenous source of Ca
2+
. It was evident from Table 1-3 there was significant enhancement in the free radical scavenging activity of sprouts pre-treated with calcium chloride indicating the involvement of Ca 2+ in improving antioxidant potential. The elicitation of fenugreek seeds with calcium chloride showed a gradual increase in free radical scavenging activity from 24 h stage to 48 h stage and then decreased towards 72 h stage.
Phytochemical analysis
The phenolic compounds, being well-equipped with the ability to act as efficient hydrogen donors, reducing agents and quenchers of singlet oxygen, play a vital role as an antioxidant component in the living system and hence possess potential human health benefits. 26 For phytochemical analysis, total phenol, flavonol, and carotene content were measured for three days of germination phase. The significant enhancement of these all bioactive phytochemicals was observed in the sprouts pre-treated with calcium chloride. The phenolic content was found to increase by 42%, flavonol by 22%, and also significant enhancement was observed in carotene content which was found to be 26.87%. In agreement to present work Joshi et al, 27 has also reported increase in phenolics in the seeds of cucumber after priming with calcium chloride.
Effect of calcium channel blocker (LaCl 3 ) and calcium chelator (EGTA) was also assessed on the antioxidant as well The effect of these elicitors was found to be negative on both the aspects of the sprouts (Table 4 -6). EGTA had the greatest effect on reduction in the antioxidant property of the sprouts with corresponding loss in the synthesis of relative phytochemicals followed by LaCl 3 .
The enhancement in the phenolic in Ca 2+ primed seedlings and subsequent improvement in antioxidant as well as anti-diabetic potential of the sprouts further reinforces the hypothesis suggesting the vital involvement of Ca 2+ in some signaling pathway during germination phase in fenugreek leading to betterment in the nutraceutical properties.
In vitro Anti-diabetic activity
The key enzymes of the digestive system, α-amylase and α-glucosidase are actively involved in the release of glucose in the blood via breakdown of starch. Hence the inhibition of these enzymes would minimize the breakdown of starch which may lead to reduction in the postprandial hyperglycemia level. 28 On assessment of invitro antidiabetic activity similar trend was observed in the α-amylase and α-glucosidase inhibitory activity of the fenugreek sprouts primed with different elicitors of Ca 2+ signalling. The α-amylase as well as α-glucosidase inhibitory activity was found to be highest in the sprouts per-treated with calcium chloride and those treated with LaCl 3 and EGTA exhibited decline in the anti-diabetic activity when compared with the control set ( Table 7) .
RPreviously several researchers have demonstrated the relationship between free-radical scavenging potential and bioactive phytochemicals. In the present study, interestingly significant positive correlation was derived between antioxidant and phenolics (r 2 =0.639) as well as anti-diabetic and phenolics (r 2 =0.691) from Pearson's correlation analysis indicating active participation of these phenolic compounds in the nutraceutical property of the fenugreek sprouts. The phenolics and flavonoids have been reported to be efficient inhibitors of α-glucosidase, and also regulators of hyperglycemic disorders and other diabetic associated complications arising from oxidative stress. 29 A highly significant correlation between free radical scavenging activity and in vitro anti-diabetic activity indicates an existence of strong cohesiveness among antioxidant and anti-hyperglycemic properties of the plant extract. Supporting such correlation several hypothesis and mechanisms have suggested by different authors. 6 In a nut shell, it was observed that among all treatments, the significant enhancement of anti-diabetic activity, antioxidant activity and related phenolics was found in the sprouts primed with calcium chloride and on the other hand LaCl 3 and EGTA exhibited reverse effect on the bioactivity of the fenugreek sprouts. Thus it can be suggested that a flux of calcium ion is required within the cellular system which comes into play during germination to regulate some mechanism responsible for synthesis of antioxidative as well as anti-diabetic phytochemical compounds.
CONCLUSION
In conclusion, the present study suggested that priming with CaCl 2 as exogenous source of Ca 2+ was found to be effective in enhancement of antioxidant as well as antidiabetic activity and related phenolics fenugreek sprouts. When analyzing the effect of Ca 2+ flux during time course of germination the stimulatory effect of CaCl 2 was most pronounced at the initial phase i.e. from 24 h to 48 h and then the action was declined during further extension of post-germination phases. This knowledge can be used to design the sprouting techniques which might have potential application in improving the nutraceutical quality of legume sprouts along with health relevant functional values.
